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Purpose: Chondrocytes in tissue are isolated in small cavities called
lacunae.We have recently found that articular chondrocytes fromhuman
adults and young Sus scrofa contain long cytoplasmic arms that cross the
extracellular matrix and physically connect two chondrocytes located in
distant lacuna. Besides, we have also demonstrated that primary chon-
drocytes from adults are able to communicate with each other via gap
junctions (GJ) as evidenced by the intercellular transfer of tracer dyes.
Methods: For immunohistochemistry assays, in situ cartilage was
immediately frozen using Tissue-Tek O.C.T. and isopentanol in liquid
nitrogen. Samples were ﬁxed with acetone for optical microscopy
assays. For Scanning Electron Microscope, samples were embedded in
cacodylate buffer before dehydratation. In situ electroporationwas used
for the study of gap junctional communication (InSitu Porator Cell
Projects Ltd). Dual Voltage-clamp methods and whole-cell/perforated
patch experiments along with the study of glucose and oligonucleotides
transferencewere carried out in the laboratory of Peter Brink and Virgin
Valiunas. Transwell co-culture system (Transwell with 3.0mm Pore)
and mass spectrometry were used for the identiﬁcation and quantiﬁ-
cation of transjuctional amino acids. Primary chondrocytes were
previously cultured in SILAC Dulbecco's Modiﬁed Eagle's Medium
containing 73mg/mL of L-lisina [13C6] and/or 28mg/mL of L-arginina
[13C6,
15N4]. Prior to LC analysis amino acids were derivatized using the
tEZ: faastTM kit. Detection of analytes was performed with a Thermo
Scientiﬁc LTQ-Orbitrap Discovery working in ESI+ mode and full scan
(250-400 amu) acquisition at a resolution (FWHM) of 30,000.
Results: Electrophysiology experiments and “metabolic capture” assays
reveal that the cytoplasmicprojections containGJwhichplayametabolic
function by exchanging nutrients including glucose and essential amino
acids between cells. Microinjection of the ﬂuorescent glucose derivative
2-NBDG showed a progressive ﬂuorescence intensity increase in the
contacted recipient cells during 22 and 35minutes after dye injection. In
situ electroporation (10pulses of 20V) of donor cells conﬁrmed that adult
chondrocytes efﬁciently exchange glucose between adjacent cells (18-20
cells deep). When cells were pre-incubated for 1 hour with 250mg/ml of
the GJ inhibitor GAP27, the transference of glucosewas severely reduced
(1-2 cells deep). For Transwell co-culture system, donors previously
cultured in “heavy medium” were allowed to settle for 4 hours, time
enough to form cell projections, on the membrane right side up con-
taining receivers. Mass spectrometry analysis revealed the transference
of 3,5 pmol/ml of [13C6]-L-lysina and 3 pmol/ml of [
13C6,
15N4]-L-arginina
(cell lysate from receivers). No signals were observed in receiver control
that was not in contactwith donors. The results were conﬁrmed using in
situ electroporation and ﬂuorescent labelled amino acids.
Conclusions: The results here presented demonstrated that chon-
drocytes from human adult cartilage are physically connected to each
other forming a three-dimensional cellular network, and are able to
transfer nutrients such as glucose and essential amino acids through GJ
channels. These results shed new light on the structural organization of
cartilage, chondrocytes metabolism, and cell signalling.22
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Purpose: Blockade of syndecan-4 (Sdc4) signaling protects mice from
cartilage degradation in experimentally induced osteoarthritis (OA).
Cartilage damage results in hypertrophic differentiation of chondrocytes
and matrix remodeling. These changes in chondrocyte phenotype are
induced by various signaling pathways including the WNT signalingpathway. Here, we hypothesized that Sdc4 controls the chondrocyte
phenotype by speciﬁc modulation of WNT signaling pathways.
Methods: In vitro analyses were performed using neonatal wild type
(wt) and Sdc4-/- chondrocytes, or a blocking Sdc4 antibody on wt
chondrocytes. The inﬂuence of (100 ng/ ml) WNT3a on glycosamino-
glycan (GAG) production was analyzed using alcian blue staining of
micromass cultures. The expression of chondrocyte marker genes
(aggrecan, collagen 2, MMP13) was measured by quantitative RT-PCR.
The effects of WNT3a on canonical and noncanonical WNT signaling
were analyzed using Western Blot detection of ß-catenin, pLRP-6,
pCamKII and pJNK and a TCF/LEF reporter assay. To investigate the in
vivo relevance of the investigated pathways induction of OA in wt and
Sdc4-/- mice was performed using the DMMmodel and stainings for ß-
catenin and pCamKII were performed.
Results: Micromass cultures revealed a higher basal GAG production by
Sdc4-/- than wt chondrocytes. Furthermore, WNT3a stimulation led to
a decrease in GAG production in wt, which was absent in Sdc4-/- chon-
drocytes. These ﬁndings were corroborated by a 10x higher basal
production of aggrecan and collagen 2 in Sdc4-/- compared to wt chon-
drocytes. The expression of both genes was 10 fold increased by stimu-
lationwithWNT3a,whereasWNT3a led to a decrease in the expression of
both genes in wt chondrocytes. Inverse results were found for the
hypertrophic marker MMP13, which was signiﬁcantly less expressed in
Sdc4-/- chondrocytes andwas not upregulated uponWNT3a stimulation,
like inwt chondrocytes.Westernblot analyses of canonicalWNTsignaling
showed that ß-catenin is strongly reduced and not upregulated upon
stimulation with WNT3a in Sdc4-/- chondrocytes. Conﬁrming these
ﬁndingswe also found less phosphorylation of LRP6 and less activation of
the TCF/Lef reporter upon WNT3a stimulation in Sdc4-/- chondrocytes.
Noncanonical WNT signaling was increased in Sdc4-/- under basal
conditions, but decreased uponWNT3a stimulation in Sdc4-/-. The same
effects on canonical and noncanonical WNT signaling upon WNT stimu-
lationwere obtained by using a blocking Sdc-4 antibody. In vivo analyses
of canonicalWNT signaling conﬁrmed the decreased basal activation and
the missing increase after induction of OA in Sdc4-/- mice.
Conclusions:We conclude from our data that Sdc4 is a major regulator
of cellular response to WNT signals through inhibition of induction of
the canonical WNT signaling pathway. Therefore, we suggest that the
blockade of Sdc-4 protects from OA induced changes in chondrocyte
phenotype by inhibiting WNT induced differentiation of chondrocytes.23
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Purpose: The production of ELR+ CXC chemokines is widely studied in
arthritis and is postulated to contribute to the inﬂammatory phenomena
that lead to cartilage breakdown and arthritis pathology. However,
healthy articular chondrocytes also express their own chemokine
receptors and ligands. The function of CXC chemokine receptors in these
cells is puzzling because chondrocytes are encased in a dense extracel-
lular matrix and are not known to migrate in vivo. This study aims to
identify the function of this signaling mechanism in articular cartilage.
Methods: Adult human articular chondrocytes, wild type and CXCR2-/-
costal chondrocytes were expanded in monolayer culture under stan-
dard conditions. CXCR1 and CXCR2 expression was conﬁrmed using
semiquantitative reverse transcription polymerase chain reaction (RT-
PCR), Western blot and immunohistochemistry. Chemokine receptors
and ligands were detected in full thickness human articular cartilage
from healthy and osteoarthritis (OA) patients and in mouse articular
cartilage using immunohistochemistry. CXCR1/2 signaling was blocked
at speciﬁc receptor level using validated blocking antibodies and siRNA
in human cells. Chondrocyte phenotypic gene expression was assessed
using real time RT-PCR. The content of highly sulphated proteoglycans
in chondrocyte micromasses was analysed using Alcian blue staining
and spectrophotometric quantiﬁcation normalised for total protein
content. AKT phosphorylation was assessed by Western blot, and was
further upregulated in mouse costal chondrocytes using a constitutively
active AKT expressing plasmid. Surgical destabilization of the medial
meniscus (DMM) was used to induce instability into the left knees of 8
week old CXCR2-/- mice and wild type BALB/C controls (N ¼ 10 per
Abstracts / Osteoarthritis and Cartilage 21 (2013) S9–S62S20group). Right knees were sham operated as control. 8 weeks following
surgery, mice were culled, knee joints were parafﬁn embedded and
sectioned. Representative sections were stained using Safranin orange
and osteoarthritis severity was assessed by Chambers scoring.
Results: ELR+ CXC chemokines and their receptors, CXCR1 and CXCR2
were expressed in normal human and mouse articular cartilage. CXCR1
and CXCR2 were expressed in articular cartilage from osteoarthritis
patients, however their ligands, CXCL8 and CXCL6, were lost from the
territorial matrix of chondrocytes. Blockade of CXCR1/2 signaling at
receptor level in human articular chondrocytes, or by receptor knockout
in CXCR2-/- mouse chondrocytes resulted in a signiﬁcantly reduced
extracellular matrix sulphated glycosaminoglycan content of micro-
mass cultures, a signiﬁcantly reduced expression of the chondrocyte
differentiation markers COL2A1, Aggrecan and SOX9, and a decreased
level of AKT phosphorylation. Constitutive AKT activity in CXCR2-/-
mouse chondrocytes resulted in the rescue of phenotypic marker
expression. CXCR2-/- mice subjected to the DMMmodel and analyzed 8
weeks following surgery developed a signiﬁcantly more severe osteo-
arthritis phenotype than wild type controls.
Conclusions: Our ﬁndings indicate that CXCR1/2 signaling is required
for the maintenance of phenotypic stability of articular chondrocytes
and that this regulation may be AKT-dependent. We show that mouse
CXCR2 signaling is required for articular cartilage homeostasis and is
chondroprotective during conditions of challenge in vivo.24
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Purpose: During embryogenesis, growth plate chondrocytes located in
long bone shafts undergo maturation, hypertrophy and mineralization
and are ultimately replaced by bone. On the other hand, chondrocytes
located at the epiphyseal ends give rise to articular cartilage and retain
a permanent and stable phenotype throughout life. The mechanisms
underlying the ability of developing articular chondrocytes to acquire
their permanent phenotype are not clear. The Ets transcription factors
comprise the largest transcription factor family in animals. We showed
previously that family member Erg is preferentially expressed in
developing articular cartilage inmouse and chick and targeted Erg over-
expression through the embryonic skeleton suppresses chondrocyte
maturation and hypertrophy and delays endochondral ossiﬁcation. Our
more recent ﬁndings indicated that surprisingly, mice deﬁcient in Erg in
their developing joints did not exhibit an appreciable phenotype at
birth but developed osteoarthritis (OA) with age. These observations
suggested that Erg has a role in long term articular cartilage function,
but its contributions to joint development are modest or not essential.
We speculated that the lack of a developmental phenotype in condi-
tional Erg targeted mice could be due to functional redundancy and
compensation by other ets family members. Thus we have now inves-
tigated the expression and possible function of other ets family
members in articular cartilage.
Methods: Expression of ets transcription factors in chondrocytes was
analyzed by RT-PCR. Transient growth plate (GC) and permanent
articular chondrocytes (AC) were isolated from P5 GDF5Cre/Rosa-YFP
mice. Cells were separated into YFP-positive AC and YFP-negative GC by
FACS. Total RNA from those cell populations was subjected to RT-PCR.
Eurexpress transcriptome atlas database was used to study expression
of ets family genes in the developing limb bud of E14.5 mouse embryos.
To study the function of ets transcription factors in chondrocytes, we
constructed expression vectors, transfected into the chondrocytes and
evaluated the effects on expression of joint markers. We also examined
expression of joint speciﬁc ets families in human osteoarthritis (OA)
cartilages by immuno-histochemistry.
Results: The ets family comprises 28 members. Our analytical
approaches allowed us to determine the expression patterns of 19
members that included those from the most ancestral Ets and Erg
subfamilies. We observed higher expression of Erg and Fli-1 (the latter
being a member of the Erg subfamily with greatest homology to Erg
itself) in AC than GC or C3H10T1/2 cells. Eurexpress search revealed that
Erg and Fli-1 are both expressed in developing mouse embryo joints.We next examined the effect of Erg or Fli-1 on expression of joint
marker genes including PTHrp (parathyroid hormone related protein)
and lubricin (PRG4). Transfection of either Erg or Fli-1 expression
plasmids increased the expression of PTHrp and lubricin in chon-
drocytes. Lastly, we investigated the possible expression and topog-
raphy of Erg and Fli-1 in human OA cartilage by immuno-
histochemistry. Erg was barely detectable in the normal and healthy
portions of human articular cartilage, but wasmarkedly up-regulated in
the proliferative and degenerated regions. Fli-1 expression was detec-
ted in the normal portions but at very low levels, and was increased in
the unhealthy portions.
Conclusions: Our study provides the ﬁrst detailed analysis of expres-
sion and possible function of Erg and Fli-1 in mouse and human artic-
ular cartilage. The data suggest that while Erg has no apparent major
role in development, its function is required for long term articular
cartilage maintenance. Our data also reveal that both Erg and Fli-1 can
up-regulate PTHrp and PRG4. Thus, the Erg and Fli-1 up-regulation we
observe in degenerated regions of human OA cartilage is likely to
represent an anabolic response.25
IDENTIFICATION OF CLEC4A GENE-EXPRESSION LEVELS IN
PERIPHERAL BLOOD AS A POTENTIAL BIOMARKER FOR KNEE
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Purpose: To identify biomarkers for early knee osteoarthritis (knee OA),
we examined whether inﬂammation in the knee is reﬂected in different
RNA-expression proﬁles in the circulation. Joint Effusion (JE) was
measured on MRI-images of the knee joints, and the association with
gene-expression proﬁles in blood was assessed.
Methods: JE grades were determined in women aged 45-60 years of the
Rotterdam Study III (RS-III). Rheumatoid Arthritis patients and women
having any contra-indications for MRI were excluded. Both knees were
imaged using a multi-sequence protocol on a 1.5-T MRI scanner.
A trained reader blinded for any clinical or radiographic data scored the
MRI images with the semi-quantitative Knee Osteoarthritis Scoring
System. A trained radiologist scored a random sample of 30 MRIs to
determine the inter-observer reliability. JE grades were scored semi-
quantitatively: 0¼no, 1¼small, 2¼moderate and 3¼massive. Per
sample, the grades of the left and right knee were taken together (0-6).
Whole-blood was collected using PAXgene-tubes. Total RNA was iso-
lated, ampliﬁed and labeled, and hybridized to the Illumina HumanHT-
12v4 Expression Beadchips with 44,877 probes (representing 19,532
genes). Gene-expression levels were quantile-normalized, log2-trans-
formed, and standardized.
We used a Generalized Linear Regression model using permutation tests
to identify transcripts that were differentially expressed with JE grades
and adjusted for age, fasting, RNA quality, technical batch effects, and
blood cell counts. A raw p-value was computed, multiple testing adjust-
ment was done by FDR, and an FDR<0.05 was considered signiﬁcant.
Results: A total of 137 womenwere studied that had both MRI-data and
gene-expressionproﬁles available. The inter-observer reliabilitywas good
with an intra-class correlation coefﬁcient of 0.83. In total, circulating RNA-
levels of 601 genes were nominally signiﬁcant associated. After adjusting
for multiple testing, we observed a signiﬁcant association between
CLEC4A levels and JE grades (beta¼0.486, se¼0.119, p¼8.5x10-5, FDR¼0).
CLEC4A is a C-type lectin domain (CTLD) family member having diverse
functions, such as cell adhesion, cell-cell signaling, glycoprotein turnover,
and roles in inﬂammatoryand immune response. CLEC4A is closely linked
to other CTLD family members on chromosome 12 in the natural killer
(NK) gene complex region. These ﬁndings indicate that NK cells may be
involved in inﬂammation and OA, which is in line with recent identiﬁ-
cation of NK cell inﬁltrates in patients with OA.
Conclusions: This study identiﬁed the CLEC4A gene to be higher
expressed in blood cells of elderly women with inﬂammation in the
